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Various theories regarding th,� pressure h�ild-up c'::-:ara.cteristics for 
producing wells are analyzed. The merits and limitations of each the::)ry 
are discussed. The error involved in plotting the pressure build-up data 
for the case of well-bore pressure versus shut-in time is pointed out. 
Equn.tions have been presented for the various quantitative determinations 
of reservoir properties which can be obtain?d from typical pressure build­
up data. 
Utilizing al l the previous methods presented in the literature, � 
recom�ended procedure for field application is proposed. One oil well 
and three gas v:ells have been analyzed using the recommended procedure 
with the attendant calculations given in det�il. Two gas wells have been 
an�lyzed using both the cumulative prod��ction since completion of the 
well and cumulative production since the last build-up test of the well. 
The small error introduced by using the more accessible cumulative 
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When a p-roducing well is shut-in, its bottom-hole pressure \.<Jill :Ul-
crease. If the shut-in time is sufficiently long, the bottom-hole 
pressure will a.pproach that pressure defined as the static bottom-hole 
pressure. The rate of the pressure build-up is a function of certain 
properties of the reservoir rock, the fluids therin and the previous 
production history. 
Pressure build-up characteristics of wells following shut-in have 
been used for many years by petrolewn en<Jineers to obtain static bottom-
hole pressure by extrapolation of build-up data to avoid the loncJ time 
requirements for such wells to reach sta.tic pressure. Many authors(l-8 
incl.) have pointed out various n.ddi t:ional uses of the pressure build- up 
characteristics, the most important of which are: 
1.) 
2. ) 




r t' d 1' 't (l) orma 10n ama9e 1m1 
( 2) Early quantitative determin.-::.tion of re se rves 0 
(3 4) Skin effect ' 
( 5 6) Dam,:.qe fd.ctor ' 
( '7 ) Gas well stdbil izat.ion factor 
( 8) Evaluation of acid treatments. 
( 9) As early as 193'7, Muskdt suggested c:.nd derived d relationship 
between the slope of the strai9ht line portion of the typical build-up 
curve ctnd the permeability of the formation in the immediate vicinity of 
the well-bore. The author pointed out that the typical bottom-hole 
pressure increase with time yielded d stretched out "S" or sigmoid type 
curve. 
Basically, an analysis of pressure build-up detta is dependent upon 
obVdning exact solutions of the fund<:�ment.-il differenti_al equati()n of 





Exact solutions of the .-lbove fundamen t'il differential ecruati on of 
continuity have been obta.ined for various bounda.ry conditions, assuming 
the well as a point source or a radial source. There are several other 
assumptions inherent in the solution wh i ch will be discussed later. 
The purpose of this study is three fold: 
l.) To bring together the several methods suggest0d for 
pressure build-up analysis; 
2.) To point out similariti es and differences between these 
methods and 
3.) To derive a procedure for pressure build-up an.:J.lysis 
utilizing the best suggestions from all previous methods 




Pressure build-up curves were .-maly s ed as early as 19:37 by Muskat 
who s uggested a relationship between the slope of the straiqht line 
portion of the typical build-up curve and the permeability of the 
forma.tion in the i rmnedi ate vicinity of the well bore. 
Since that time, several methods(ll, 12, 13) have been proposed for 
analysis of pressure build-up da.ta based ::m solutions of the unsteady-
state equation of continuity for Darcy flow in radial system: 
For gas: 
d2P 2 dP 
2 
f�Jp 2 1 
+ = 
dr 2 dr kp dt r 
For slightly compressible liquid: 
c)� + l � = f�c c)p 
dr 
2 clr k C) t r 
The symbols used are in compliance with the standards set forth by the 




Several as s umpt i ons are inherent in the solution of these equdtions. 
The assumptions, which are valid for both equ e:tt iu ns , are: 
l.) An undersaturated, s inqle phase fluid is flowing in the 
reservoir. 
2.) The viscosity, cornpressibil i ty and density of the flowing 
fluid are assumed constant under all res ervo ir conditions. 
:3.) The production rate is a st.-tbilized rate prior to shut-in. 
4.) The well is shut-in at the sand-face, so that no fluids 
are produced into the well-bore after shut-in. 
4 
5.) The sand comprising t he reservoir is uniform in its 
properties, and 
6.) the reservoir is a horizontal, c i r c ular cylinder. 
The fi rst step usually t.'ik:en in the development of the methods for 
analysis of res ervoir data is to des cr ibe the reservoir as a hypotheticri.l 
model. ( The properties of the hypotheticctl mod2l should be as close as 
possible to those of the reservoir ) . Mathema.tical equations relating 
various re�;ervoir qu=:tnti t i es have been derived for t h is hypothetical 
model. Various necessary conditions a c company the rigorous deriva.tion 
of these equd.ti ons to satisfy the assumed limitations of applicability. 
Tn most cas es , npplications of the methods are meu.ningful only when the 
conditions assumed in the derivation closely approximate those met 
in the actual reservoir. 
The methorls pr oposed in the literature for pressure build--up 
an .=:tlysi s can be cla s sifi ed according to the rese rvoir boundary and 
initial conditions imposed (assumed ) in the solution of the equation of 
continuity. These conditions assumed for the solution can be grouped 
into two main groups: 
Group I. 
A small inner boundary ( the well bo re radius) over which the 
stea.dy-state flow of compressible fluid is constant and a 
large but finite outer reservoir ( the drainage radius) at 
v-Jhi ch: 
a.) The pressure remains const-mt after shut-in, or 
b.) there is no influx of fluid across the boundary after 
shut-in. 
Group II. 
a. ) A small inner bounda.ry (the well bore n.di us) over 
which the sterldy-state flow of compressible fluid is 
constant , and an infinite outer reservoir boundary 
5 
at which the pre s sure rern.:d ns constant a.fter :c;hut-in. 
b. ) The inner boundary is vanish� nqly smcill. 
Miller Dyes a.nd Hutchin�son Method: 
Miller, Dyes and Hutchinson(lJ) have presented a. method for 
pressure build-up analysis to determine static reservoir pressure �tnd 
permeabili ti es. Their approach investiqa. tes d. system ·tJi th: 
l.) ll compressible fluid flowing ra.dially. 
2.) The pressure at the finite outer bounddry remains consta.nt 
after shut-in and the re is no influx of fluid across this 
boundary. 
Their equations define the buil d--up characteristics for the shut-in 
well as a function of: 
l. ) Shut-in time ( 6 t). 
2. ) Effective permed.bility (k8) and porosit y  (f) of the drainaqe 
area. 
3.) Viscosity (p) and compressibility (c) of the flowin<.J flui d. 
4.) Production rate prior to shut-in (g) and 
5.) Drainage radius of the well ( r8). 
The permeability obt ai ned from the ir investigation is the effective 
permeabilit\' of the formation, which is an averacJe value tha.t assumes 
rad:i.a.l flow but excludes the damaged, or improved zone in the irru11ediate 
well-bore vicinity. The effective permeability is a measure of the 
inherent capacity of the undamaged formation to transport fluid . The 
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average perrnect.bility ca.lcuLJ.ted from productivity index includes the 
effect of darnctged or improved zone. Comparision of averdge rind effective 
permeability indicates the extent to which the 1vell-bore ]�as been ddmaqed 
or improved. 
They gave the following equation�5: 
Stabilized time for stea.dy-state conditions 
== 50 fc�re2 
ts -k 
t = 50 f s Ct 
);{ r 2 o e 
k ( ')10 + (/g R 
f3 0 'r!t 
190 f c 14 2 ts i re k 
190 f ct }l 2 t - re 
Sl 
k ( ({ 0 1 >/g R 
[30 d"t 
Equations (3) and ( 4 ) give the time ( in days) required to 
( 4) 
( 5) 
( 6 )  
approximate a steady-state condition to obtctin =� st.:tbil i/Oed production 
riite prior to shut-in. Equ::ttion..'-> (S) and (6) give the prior estim,.lt:i'-'n 
of shut-in time in hours required to obtain satisfactorr data. Equations 
{ 3 )  and {S) are for single-phase flow, while (1:1) and (6) are for h;o-
phase flow. 
Horner Method: 
Horner ( 10) has proposed a method uti .li zing the conditions described 
under Group II. 
Equation ( 2 ) was applied as the basic equation relating the pressure 
relationship for the hypotheticeil model. By rn<O.k:ing use of the point 
source solution, an equation which describes at time t the Wl�ll-bore 
shut-in pressure was presented; 
Where: 
Pw - p0 + 
SE___ Ei (-4Tr kh 
Pw - Well-bore pressure at time t 





� du . 
( 7) 
The e rro r introduced by Horner in the above equation as the basic 
solution for the case of an infinite reservoir is in considerinc; the 
well radius as being infinitely small. 
For cons tant production rate , well-bore shut-in pressure at any 
time f:'J after shut-in in a s i ngle \".iell in an infinite reservoir 1. � . .:> .  
qp 
Po + 4 1r kh {Ei (-rw f Jl c ) - Ei ( 4 k  ( t0 + 6 t } 
-rw fp c ) (S) 
2 } 
4k 6 t 
By approximating the Ei (-x) fun ct ion into logr,ritlunic equality, 
Horner qave dS a final equation: 
Po - q Jl 4Tr kh lrl ( 
t0 + 6 t 
L,.t ) . 
Horner showed that the error introduced by this approximation is 
2 25 rw f p c very small. As soon as 6 t ) k the error in Pw will 
decrease to 0.25 pe�cent. This condition '"ill be satLsfied .,.;ithin .::,_ 
matter of seconds after the closing in of the 1vell. 
( 9) 
The above equations have been derived for a well which produces at 
7 
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a constant rate, q, from time zero to time t0, and is thon sh11t-in. 
However, such cor,ditions ha.rdly exist _in reality. �)orne correction must 
then be appl ied to t d.1 :e into account the varyinq rates '-'f product �'-'ll 
during the produc i ng history of the-e well. H:owevP:r, the finc..l results o.H' 
labor ious in application and are more precise than is required in most 
applications. 
It was further po i nted out that the out e r boundr;ry conditions 
assumed in this procedure are most nearly fulfilled by new '-Jells in a 
new reservoir. An incorrect estimate of static reservoir pre<:>surP may 
be obt ai ned when these conditions are not met. All of the previuus 
equations can only be exp e cted to be dpplicable in the ci-ise of a well 
which has not yet produced sufficient volumes such that the over-all 
static reservoir pressure ha.s not decreased, i.e. a new well in whiclt 
the effects of the reservoir boundnrv have not yet become ?.ppr-lrent. 
A modification of this method of build-up curve analysis for 
application to a re se rvoi r  with a fini te res ervo i r boundary ,  vJhich is 
essentially a material balance relationship used to aoproxirnate the 
change in bounda ry condi ti ons , was also sugqested. 
Thomas Method 
Thomas(6) extend ed Horner's method of pressure buil d-up analysis by 
considering, in addition, a "damd.ge factor". The damctge factor is a 
measure of the reduced productivity resulting from d low permeability 
zone surrounding the well-bore, and is based on compdrisions of the 
effective permeability from the bui ld- up curve and ;:J e rmeab i  l i ty calculiited 
using the productivity index. Thomas gave an equat1on for dc:una]e factor: 
D :::: 1 _ 2m ln ( 
re 
rw (10) 
Where: m is a slope of the pressure build-up curve. 
Thoma s pointed out that calculated effective permeability (ke) and 
d<-una<:Je factor (D) are more reliable tha.n the static pressure d·2ternund-
tion from pressure build-up data. It was further pointed out tha.t the 
wells completed in reservoir which has produced a small fraction of 
their fluids will give better approximation when equation (10) is used. 
This extension of Thomas's on Horner's pro cedures pres ents : 
l.) Graphical estimations of static reservoir pressure ( p0 ) . 
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2.) Determination of the product i ve capacity of the productive 
horizon away from the well-bore (kh)e, and 
3.) The degree to which the formation adjacent to the well-
bore has been damaged by completi on or other causes (D). 
Van Everdingen's Investigations: 
Van Everdingen(4) has used the basic set of boundary conditions set 
forth i n  group II. Van Everdingen presented the following equations 
which describe the pressure differentials existant under compressible 
fluid flow conditions: 
A. Steady-state flow: 
:.= q 11 ( ln (.!:_e_) -i ) . Po - Pf �7r kh TW 
B. Unsteady-state flow: 
1.) Considering the well as a unit c i rcle source: 
Po - Pw _
qp 
47T kh 
ln( 0 � ) + 
fpcrw 
[ kt 
2.) Cons] d·�ring the well as a point source. 
Po - Pw 
- f Jl c r 2 





Equa.tion (13 ) approaches equation (12) closely when the ·nlue of 
2 ( f Jl c rw ) is less than 0. 01. This condi tion will be satis fied ';vi thin 4 k t 
seconds after the cl osing in of the well. 
Skin ef fe ct, S, expresses the restriction to flow in the vicinity of 
the well-bore. A positive Vdlue of S indicates a restriction (skin) does 
exist, while a negative Vi:J.lue ind .L c'"'-tes that the skin does not exist. 
When this skin effect is considered, equation (12) becomes: 
[ k0 t 
1 n ---=-----
f }l C r 2 0 w 
+ 0.809 
Or, if the skin effect is desired: 
Or 






- 1.151 log [qg Tz 
l. 03 3 
c = 
1.151 (pl hr - pf) '.) - 1. 151 log 
ill 
Pr 
f r/ ] rn h 
There are two advantage s of the skin-effect method in describing the 
well's conditions. They are: 




2.) the dra.inctge radius, r8, need not be determinr2d. Howeve r f, }1, 
c, h must be known, although t he i r effect is dampened by their 
being grouped in a logarithmic term. 
The pressure drop in the "skin" or damdged :;oone near the well-bon? 
is given by: 
/':,. Pskin == /':,. p(1 cycle) x O .  875. (16) 
A measure of the efficiency of completion, acid treatment or clean-
11 
in:.J job can be obtained by comparin<J the u.ctual produch vi ty index 
(j)actuc:tl and the ideal productivity index (j)id·o;dl' The rdti o  of these 
two quantities is : 
Flow Efficiency jdctual 
j ideal 
Po - Pf - 6Pskin 
P0 - Pf 
( 17) 
In addition, the effect of storage capacity of casinq and tubing on 
the pressure build-up curve was reviewed. 
This method permits estimation of: 
l.) The effective permeability of the formation 
2.) Static reservoir pressure (p0), and 
( t ) . e 
3.) the value representing the magnitude of the skin effect 
(S). 
Hurst Analysis 
( 3) Hurst present ed a me thod of build-up curve rmalysis simil ar to 
that presented by Van Everdingen. Hurst has explained the discrepdncy 
between the theoratical constant-rate probl em and a ctual constant-rate 
p roblem t by assuming that the rate of fluid entry into the \'.�ell-bore 
from the forma tion is consta.nt, i'l.nd remains constrJ.nt, thereafter. 
Althouqh this is the c o ndit i on observed at the separator and stock tank 
from the time the flui d recJ.ches the surface, it is not the condition that 
exists in the formc1tion next to the well-bore. Further cunsiderdtj on 
reveals that the mechanical condition of d well is such, with the tub2.ng 
suspended wi th i n the ci'l.s i ng, th�t as soon as the annulus value is opened, 
the initial production is due to the unloadinq of the a n nulus to displace 
the fluid in the tubing. This unlodding is very rapid in the beginninq, 
and is quickly retarded by the stabilization of the bottom-hol e  pressure. 
Concurrent with this effect, fluid entry into the well from the 
1 2  
formation i s initi ally zero, but ra.pidly increa s e s t o  reach the constant-
rate when such sta.bilization is established. The composite effect of the 
two reactions is the constdnt-r<lte of production observed at the surface. 
Thus, flui d influx into a well -bore is a. var i able-rate problem, which 
cduses the initial pressure decline observed. 
Hurst's analysis gives d.n estimation of: 
l.) The effective permeability of the formation (k) e 
2. ) Static reservoir pressure (p0), and 
3.) dcunage around the well-bore (D). 
Arps Analysis 
Arps(5) pu�::Jlished an .::_nalysis in which graphical methods are used 
almost exclusively. Equ.:dions presented by Van Everdingen were applied 
graphically. Equation (17) was used to d(':!tennine the completion factor. 
The completion factor of Arp s corresponds to the flow efficiency of 
Van Everdingen, ar.d ·oLlso is rel ated to the dama.ge factor which is defined 
by Thomas as 
c r = (l - D)  ( 18 )  
where c r is condition ratio. 
Two different approache s to the determin::ttion of condition ratio 
were s��ggested: ( l) For finite de;:::>letion--type or so lution gds drive-type 
reservoirs, and ( 2 ) For an infinite under-so:1turated reservoir. Variations 
were suggested to fit both the condition of no flow across a finite reservoir 
boundary and no flow across an infinite reservoir bounda.ry. Arps analysis 
estimates all the same three quanti t i es as estimated by Hurst's method. 
The Tracy Technique: 
(14) Tra.cy a nal ysed pressure build-up curves in a manner similar to 
that of Mi ller , Dyes and Hutchinson. By comparing pressure build-up and 
13 
productivity ind·2X estimates of formation permeability, a measure 0f 
well damage is obtained. This merJ.sure is termed the "condition ratio". 
The condit i o n  ratio is: 
c r = 
l: h ( from PI dat a) 
(19) k h ( from bui ld-up data) 
( Complete equations for condition ratio are derived in c:l.ppendix A and B). 
I f  the value of the condition ratio is different from 1.0, the 
permeabilit y  next to the well-bore is different from that in the inter-
well area. If the condit ion ratio is greater tl:"lan l. 0 ,  the permeability 
near the well-bore is greater than the interwell permeability which 
implies an absence of permeability damages around the well-bore. A deep 
penetrat ing fracture treatment may subst:J.ntially increase the production 
riite of t he well . lf the condition ra.tio is less than l. 0 ,  t he permea-
bilit y  neiir the well-bore is less than the interwell permerlbility which 
means that the well has a damaged zone adjacent to the l.vell-bore. Any 
well with a condition ratio of less than 0.80 is considered a prospect 
for a stimulation treatment to overcome the �lpparent well-bore damage. 
The author dnalysed the effect of after-production on pressun) 
bui ld·-up curve. Production of reservoir fluids into the well-bore .-J.fter 
sltut-in would delay observed pressure build-up trends for appreciable 
periods of shut-in times. When this occurs it i s  often difficult to 
interpret the build-up curve. If observed pressures were correct ed to 
obtain pressures that would have been observed in the absence of pro-
duct ion after shut-in, it w;mld make possible more positive identi fi c-;.tion 
of the straight line portion of the curve as well as the shut-in time 
required for d successful analysis. 
14 
McMohan Analysis: 
McMohan (7) developed d method for determining CJdS well "stdhi l i �-:at ion 
factorsu from build-up tests. This stabilization factor is defined dS 
the ratio of a. \Vell' s performco.nce under pseudo-steady state condi t[ons to 
the well's perform<mce at the end of a given leng th of flowing time. It 
was further pointed out that the build-up tests are interchangec..ble with 
flow tests on the sa.me wells. The stabilization factor of a •JJell depends 
upon the 1vell's own history as well as the status of surroundinq 1<1ells. 
McMoh"l.n analysed 319 pressure build-up test from 229 wells dnd 41 
flow tests from 41 wells in the Hugoton Field of Kansus, Ok:Lik':n•; 'lnd 
Texas. It was further concluded from this a.nctlysis th<'Jt in highly 
perme.'lble reservoirs, the stabili Zdtion factor is ::;.pproximately unity, 
but in tight, lower permeability reservoirs it c"in decrea.se to 0. 2�J or 
even lower values. 
DI�3CUSSTON 
Me t hod:s o f  bu i l d-up curve anal ' ' s i s  a s sumi ng an i nc omp r e s s i b l e  
r e s e r vo i r  f l u i d a r e  o f  l imi t e d  appl i cabi l it y , and have :J n l y  t he o ra t i cal  
impo r t d.n c e . All methods depend :::J n a s i ng l e  mat hema t i cal f ounda t i on 
whi ch i s  imp l i ed by t he cond i t i o r1 s s et fo r t h  by equat i on ( 2 ) .  
1 5  
When w e l l -bo r e  p r e s s ure i s  p l o t t ed. aga i n s t  t he l o g ar i t hm o f  s hut - i n  
t ime , a typ i c a l  i n f l e c ti on- t yp e  curve r e s ul t s . The p re s s ur e p e r f o rmance 
c ur ve c a n  be t ·.rp i cal l y  s hown t o  be c ompo s e d  o f  t hr e e  reg i o ns , as  s i , own i n  
F i gu r e  I .  
R egi on I :  
Mu c h  o f  t he i n i t i a l  po r t io n o f  r e g i o n  I may n o t  b e  obs e r v e d  i n  
t h e  f i e l d  bu i ld- up cu rve , s i nce t he abrupt r i s e i n  p r e s s u r e  
noted is  o f t en c omp l e t e d  in  ve ry s ho r t  t ime a f t e r  s h ut - i n .  
The s hape o f  t he e a r l y  po rt i on var i e s wi t h  two fac t or s , wh i ch 
are as f o l l ow s : 
l . ) Fi l l -up o r  a f t e r- f l ow i nt o  t h e  cA s i ng and t ub i ng du r i nc;t 
p r e s s ur e  bu i l d-up op e rat i o n and ,  
2 . ) a 7. o n e  next to the w e l l -bo re w i t h  p e rmeab i l i t y d i f f e r en t  
f rom t hat i n  t he i n t e rwe l l  a rea . 
Th e e a r l i e s t  po r t io n o f  i n i t i al bu i l d-up curve i s  o f  1 1  t t l e  u s e  1 11 
e s t abl i s h i ng w e l l -bo r e  co n d i t i o n s . It was s h own by Tracy , that t h e  
e f f e c t o f  af t e r - f l ow cannot be co n s i de r e d  n egl i g i b l e  un t i l 60 m i n u t e s  
bu i l d-up t ime has e l aps e d .  
Reg i on I l : 













































s t r.':l. i ght - l i ne p o r t i o n  of i nt e re s t . I t  fol lows i rrrrn 2 di a t e l y  
a f t e r  t h e  i n i  t i a.l abr upt '"'e l l -bo r e  p r e s s u r e  i n c r e a s e due t o  
f i l l - up .  
Thi s reg i o n  ccin be us ed t o  dete nni ne o n  ave rage val ue o f  t he 
p e .rmeabi l i  ty th.rou:;rh-::mt t he i nt e .rwe l l  a re a  il S s hov.m by a .re a r .ra ag eme nt 
of t he s lop e r e lations hip as f o l l ows : 
1 7 
k e ( 2 0 )  
The striiight-line port i on o f  d pre s s u r e  bui l d-up c u rve i s  not  i nt e r-
p re t e d  i n  t he s ame ma nn·2 r  by a l l  t he authors : 
Regi o n  III : 
I dea l ly ,  t he t hird re g i o n  o f  t h e  bu i l d- up curve d i s p l ays a 
g radual l eve l li ng o ff i n  w e l l -bo r e  p re s s ur e  a s  stat i c  re s e r vo i r  
p r e s sure i s  approache d .  Thi s reg i on i s  s e l dom meas ured in f i e l d  
t e s t s , du•:e t o  t h e  e xc e s si v e s hut - i n  t imes re q·.Ii r e d .  The mo s t  
a c curat e mea s u r eme nt o f  s t dtic re s e rvoir p re s s ur e  i s  obt a i ned 
f rom t hi s  f i ncll r eg i on o f  t he bu i l d-up curve . Th i s  re g i o n  
rep resent s the behavi o r  o f  the �e l l -bore p re s s u r e  whi ch  i s  be-
i ng effe c t e d by t he bo unda ry o f  t he system f rom whi ch t he f lui d 
i s  produc i ng .  S i n ce hetwe e n  any two we l l s  t h e r e  i s  an i n t e r -
f e re n ce po i nt ,  a l l  wells w i t h i n  a f i e l d  mus t b e  cons i de red 
bounded.  If int er fere nce betw e en we l l s  is obs e rved , i t  me�ns 
t ha t  the s t a t ic res ervoi r pressure i s  bei ng dpp ro a c h e d  dur i ng 
t he bu i l d-up t e s t . 
C o n s ide r a s i ngle we l l  i n  ctn i nf i n i t e  r e s e rvo i r  wh i ch i s  c o mp l e t e d  
a nd f i rs t  b ro ught i nto  product i on at t ime z e r o , and wh i ch s ub s e quent l y  
p r o duce s at a cons tant rat e ,  q ,  unt i l  t i me t0  a t  whi ch it  is  s hut - i n. 
1 8  
The n ,  i g no r i ng t he e f f e ct o f  the a f t e r-p rod�c t i o n , t he 1-Je l l  p re s s ure 
P,···I 
at t i me ( t o + 6 t ) ,  whe r e .6 t  repr e s en t s t he t ime o f  s hut - i n ,  may 
be ob t a i ne d  by s up e r i mp o s i ng two s o l ut i o n s  o f  t he equat i o n : 
2 - r  f )1 :::: 
pv.l E i  ( r k t ) . ( 2 1 ) 
By s ub s t i tut i n;J rw fo r  r and cons i de r i ng only t he t i me s i nce s hut- i n ,  
e quati on (21 ) be come s  
D 
• \.J 
q p  
p 0 + 4 ?t kh 
2 
- rw f )J. c 
4k: ( t0 + 6 t ) ) 
- rw 
2 .f Jl c ] -Ei ( A ) 4k: u t 
Fo r smal l value s o f  i t s  argument , t he E i  funct i o n  ma.y be 
( 22 )  
approxi mr.l.t ed by a l og< n i t hmi c  fun ct i o n .  I f  t h i s approxirn.:tt i on i s  m:J.de i n  
equat i on ( 22 ) , the fo l l ow i ng bas i c  bu i ld-up equa t i o n  f o r  a s i ngl e we l l  i n  
a n  i nf i n i t e re s e rvo i r  i s  obt a i ned.  
q p  t o + 6 t 
Pw Po - l n ( 2 3 )  
4 '7r k:  h 6 t 
Thus , i n  t h e  CiiS e o f  a we l l  whi ch has produced un i fo rmly s i n ce 
compl e t i on at a rate q from an i n f i n i t e  re s e rvo i r , i t  ma.y be e xp e c t e d  
thclt the bot t om-ho l e p r e s s ure wo u l d  bu i l d- up i n  acco rda.nce ·,ii t h  equdt ion 
t + .6 t 
(23 ) .  I f  Pw i s  p lott ed ve r s us l n  ( 0 .6 t ) , t he po i nt s  woul d �e 
expe cted to  fct l l  on •J s t rai ght l i n e  f o r  t h e  i de al cas e .  
To a rg ume n t t h i s i de a l  cas e ,  two g e n e r a l  methods o f  p l o t t i ng bu i l d-
up data dre app l i e d :  ( l ) wel l -bo r e  p re s s ure (pw )  i s  p l o t t e d  versus l o g  
of s hut - in t i me ( .6 t ) and , ( 2 )  
l og 
t 0  + 6 t ( ) , o r ve rs us l og 
.6 t 
w e l l-bo r e  p r e s s ure ( p  ) i s plotted ve r s us w 
I n  t hi s  i nves t i gat i o n ,  a p l o t o f  ( pw ) ve rs us 
.6 t  
l og ( t + 6 t )  has been 0 
s e l e ct ed due t o  the eas e o f  ext r apo l a t ing t h e  value o f  
f o r  the purpo s e  of  f i ndi ng the s tat i c  res ervo i r  pres s ure 
( 6 t ) t o  one 
t 0 + 6 t 
1 9  
a f t e r  v e r  l onq t ime s . I f  t he o th e r parame t e rs w e re s e l e ct e d ,  t he n  t he 
value o f  t ime pa rame t e r  mu s t be e xt rapo l a t e d  t o  a ve n' l o nq t ime ( i n f i n i te 
s hut - i n  t ime ) f o r  t h e  purpos e  o f  f i nd i nq t he s t ati c r e s e r vo i r  p r e s s u r e . 
The s l ope of t he l i n e a r  p o rt i on o f  t he s e  p l o t s i s  us ed for t he 
d e t e rmi nat i on o f  t he i n t e rwe l l  p e rmeabi l i ty . Me t ho d s  expre s s i nq s k i n  
dc.unag e o r  we l l -bo r e  condi t i on al s o  ut i l i z e  t he s l ope o f  t hi s  r eg i o n  o f  
t he bu i l d-up curve . 
S ome aut hors have u s ed the t i me rat i o  p l o t in an inf i n i t e  r e s e r vo i r  
anal y s i s  whi l e  o t h e r s  have app l i e d  ri Pw v s . 6t a.pp r o a c h , a s s umi nq t ha_ t  
6 t i s  sm<'J l l  comp a r e d  t o  t ime t 0 • Thoma. s n o t e d  t hat a Pw vs . 6 t p l o t  
n� y b e  app l i e d i f  t h e  s hut - i n  t ime is  a sma l l f r a ct i o n  of f l owi ng t i me ,  
when i t  i s  a cknow l e dg e d  t hat a s  6 t  be come s  an -:tpp re c i abl e fract i on o f  
t 0 ,  t he e r r o r  i n c r e ci s e s  and ext rapo l at i on t o  i n f i n i t e s hut - i n  t i me b e -
c ome s i mpo s s i bl e .  
Th e t ime i n t e rva l s  repr e s ent i ng i n f i n i t e  beha.v i o r  m:ty be o f  a l o nq 
durat i on as i n  t he cas e o f l a.rg e drai naqe a.reas o r whe n o n e  o r  mo r e  o f  
t h e  facto rs  compr i s ing t he di f fus i v i tv co n s t ant ,  fk • 
- p c 
impo s e  l d rg e  
trans i en t  t i mes . A t s and , l i me o r  a g a s  r e s e rvo i r ,  nhl v exhi b i t  t h i s 
i n f i n i t e  be hd v i o r  fo r a l onq per i o d  o f  t i me .  
Equat i on ( 2 3 )  can be rewr i t t en a s  f o l l ow s : 
p 
0 
l n  ( 
t + 6t 0 
whi ch i n  pract i cal f i e l d  un i t s , be come s 
,6. t  
l n  ( -..::::...--
t 0 + ,6.t 
( 2 4 ) 
( 2 5 ) 
20 
o r , us i ng c orrunon l ogcl r i  t h m s ,  
) . ( 2 6 ) 
From equi:Lt i on ( 2 6 ) , the s l ope o f  t he t i me p l o t  i s  
d Pw m = ���-=--��--�� d l n r ZS:t ) ]  
t 0  + 6t 
( 2 '7 ) 
The s l ope of a  6 t pl o t  may be obt ai n e d  by part i a l ly d i f f e r e n t i at i n g  
Pw w i t h  re spe ct t o l n ( 6 t ) t for a co n s t a nt t o . Th i s  w i l l  g i ve 0 
m ( 6 t ) 
Pw = m[ t o  :0 6 t ] ( 2 8 ) ln ( 6 t ) 
I t  i s  s ee n  f rom t he abo ve equat i o n t hat equat i o n  ( 2 '7 )  i s  mod i f i ed 
by mul t ipl i cat i on by t he t o  I t  i ndi cat e s  t hat t he 
c orrunonly u s ed Pw vs . 6 t  p l o t i s  no t g en e ral l y  l i near , no r d.:J e s  i t  have 
t he s ame s l ope a s  t he t ime ra.t i o  p l o t  except at 6 t== 0 .  T J-ce s l ope o f  
equat i on ( 2 8 )  w i l l b e  con s t ant ly de c r e a s i ng i n  va l ue unt i l  6 t  app r o ache s 
i n f i n i ty .  
I f  t he f l o w i ng t ime i s  l ong ,  ( i . e . t 0 � 6 t ) , t h e  6 t  v s . Pw p l o t 
w i l l  be l i ne a r f o r  a p e r i od o f  t ime .  How e ve r , a f t e r  ext e nded s hut - i n  
t i me s , i t  wi l l  take o n  curvat ur e , and t he 6 t a t  whi ch s i gn i f i can t  
cur vat ure be g i n s w i l l  b e  a f un ct i on o f  t 0 . 
By t ak i ng a s e cond de r i va t i v e o f  Pw w i t h  re spe ct t o  l n  ( 6 t )  o f  
equat i on ( 2 8 ) , i t  i s  evi dent t hat t he s l op e o f  equat i on ( 2 8 )  i s  c o n s r ri nt ly 
chanq i nc_j ; 
cl Pw J = C) l n  ( 6 t )  d m ( . 6 t ) e) l n  ( 6 t )  ::::: ( 2 9 )  
The rat e o f  chang e of t he s l ope o f  a s t r a i q h t  l l n e  i t; z e r o . 1 : e n c e , 
2 1  
f rom equat i on ( 2 8 ) , the rate o f  c hang e o f  s l ope  i s  s e e n t o  b e� :;� p r () o n L'  a t  
6. t = 0 and 6 t "  oO • The s e  t ime i n t e rval val u e s  c o r re � pu n d  t u  t lc:.- :; c>  
i n  equat i on ( 2 8 )  i n  whi ch rn (  6 t ) i s  t he s ame a s  m () [ t L e  t i me ; :-J. t i ;; r l o t , 
when 6 t = O . 
B e t w e en l imi t s  6.t "' 0 and 6 t :..:: (:1:) ,  equat i o n ( 29 )  .ha s  d. fi n i t 0>  
value and the 6 t  p l o t  i s  n o t  l i near . Howeve r , as i ndi cat ed p r e v i o u s l y , 
whe r e  t i s  l o ng , t he c hang i ng s l op e  o f  m (  6 t ) rndy be ve ry sma] l dur i nq 
t he f i rs t  po r i: i on o r  p e r haps a l l  o f  a bui l d-up p e r i o d a l l owed h1 e c o n u rn i  c 
c o n s i de ra t i on s  ( ge ne ral l y  7 2  hours o r  l e s s ) .  
E quat i o n s  ( 2 7 )  and ( 2 8 ) can be us ed t o  de vel op an cxp r e s s L u n t·J ll i  e L L  
i ndi cat es  t he ;nc gni tude o f  t he di f f e ren ce  i n  t he s e  h 10  c omn·:J n p l o tt i n c' 
met hods . F o r  a g i ven t i rn2 t 0 , t he r a t i o  o f  Lte c o r re xt s l upe tu t : a t  o f  
a 6 t p l o t  at any po i nt 6 t  wi l l  b e  
m rn � r t o  + 6t ] ( �1 0 ) -m (  6 t )  t t o . rn (  ) t o + 6t L 
I:f the ra tio i ndi cat e d  by equat i on ( 3 0 )  i s  s i g n i f i c an t l y g r er;t e r  th an 
un i t y , t he s l op e vdl ue f r om a 6t p l o t  w i l l  be un ac cept abl e .  O r  f L • r  a 
g i ve n  t ime t 0 , t he pe rcent e rro r i n  the  s l op e f r om a 6 t  n l o t , at a ny 
po i nt t, t ,  i n  t e rms o f  t h e  co r re c t  t i me r a t i o  s l op e  i s : 
pe r c e n t  e r ro r  1 0 0  ( 
= 1 0 0  
m-m [t o t� 6 t ]  
rn 
t 0  + 6. t - t 01 
t 0  + 6 t 
[t0 �t M ] ( 3 1 ) 
Equat i on ( :n )  i nvo l ve s  t 0  and 6 t ,  s o  value s o f  t 0  and 6 t :3 ho u l d  
p r o v i de a g o o d  s i mp l e  c h e ck: a s  t o  whe ther  a 6 t p l o t  can b e  u s ed � n  n u t . 
F i gure I I  r e l a t e s  t he s up e r i mpo s ed producti on rat e s  f o r bu i l d-up 
anal y s i s . The r e  are two con s t an t - ra t e  t ran s i e n t s  wh i ch are i nv o l ved 
{]) 
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We l l  s hut - i n  aft er  
t ime t 
Bui l d-up Tran s i en t  
�:::,. t 
· d Product i on Rat e f o r Pre s s u r e  Bui l d-up F i g . I I - S upe r 1 mpo s e  
Ana l y s i s  
2 2  
2 3  
Th e s e  two t rans i e n t s  a.r e : drciwdm,m t rn n s i en t s  and bu i l d- up t r an :; i e n t s  
r e sp e c t i v e l y .  Fo r examp l e , a w e l l  f l m� s  a t  a c o n s t a n t r::�..t c  q f en t -i ffi '� 
t0 • At s hut - i n t h e  rat e i s  z e r o , but i n  t e rms o f  n e t  p re s s u r e  e f f e ct , 
rate q may be cons i de r ed t o b e  e xt e nd i nq f rom t i me ze ro f o rward t h r ouq h 
t he s hut - i n t ime , s up e r impo s i ng a_ ( -q ) rat e t 
pe r i od t;, t .  
F o r  s ho rt f l ovJi nq t j me s , the drdwd::r\vn t ran s ] ent i s  s t i l l  p ro du c i ng 
a me a s ure abl e p r e s sure drop at t h e  we l l -bo r e  dur i ng t he s hut - i n  pe r i o d .  
Thus , n e t  pre s s u r e changes e xp e r i e n c e d  d t  the we l l  and d S  n� c" rrl Pd by 
p r e s sure bomb a r e  due t o  b o t h  t he bui l d-up t nm s i e n t  du r i  n q  6 t :i n d  t h e 
drawdown t ran s i e nt ope rat i ng du r i ng ( t 0  + D. t ) . 
I f  t h e  we l l  has been f l ow i ng f o r  a r e l a t i ve l y  l o ng t i me , we l l -bo r e  
p r e s s u r e  c hang e s  w i t h  t i me p r i o r  t o  s hut - i n  H i l l  be  sma l l .  I n  t h i .s e v e n t , 
re co rded n e t  p r e s s u r e  change wi l l  be due mo s t l y t o  t he ( 6 t ) t ran s i e n t  
and e:. p l o t o f  pv1 v s . l n ( D. t ) w i l l  b e  l i n e a r  f o r  a c u n co 'c d? r ab l e  rarKJ ":? o f  
( t:,. t ) . Lat e r  po r t i ons o f  t he p l o t w i l l  e ventua l l y  t a,: e u n  curvat ure  
d u e  t o  t he w e l l-bo r e p re s s ur e s  app ro a ch i ng t he s t at i c  r e s e r v o J r pr e 3 s u r c  
a s ympt o t i ca l l y . 
G a s  We l l  Analy s i s : 
T ' t e  equa t i o n s  s hmm above have be e n  d e v e l o p e d  for the purp o s e  o f  
ana l y � i ng p r e s s ur e  bu i l d-up t enden c i es i n  o i l we l l s . Equat i on s  f o r  a g a s  
we l l  can be de r i ved f rom t he equat i on ( 1 4 ) . 
Th e f o l l owi ng c hang e s  a r e  n e c e s s a ry i n  equat i on ( 14 )  t o  b e  app l i c�b l e  
t o  comp r e s s i bl e  f l u i d  f l ow : 
L )  
2 .  ) 
2 ') pw i n  t he equat i on l S  repl a. c e d  by Pw and p0 by p 0  � • 
I n  the denom i n at o r  o f  t he coe f fi c i e nt o f  th e bracket 
4 i s  replaced b y  2 .  
3 . ) 
4 . )  
T q0 � 0  i s  r ep l a c e d  by q9 z Ta 
�0 i s  rep l a cP-d by M g 
2 4  
5 . ) The compr e s s i bi l i t y f a ct o r c i :o  replaced by t he r e c .i p r u ca l  
o f  t he s t at i c  p re s s ur e  p I y 
D e r i vat i on o f  t h i s equat io n i s  p re s e n t ed i n  tl,e appendi x .  
By mak i ng t he above s ubs t i  t uL o ns 1 t he f o l l ow i ng e qu a t i o n  fo r g d s  
f l m<J p r e s s ure det e rm i n at i on s  i s  obt ai n e d .  
p 2 0 
Whe r e  
q0 J.lq T z 
2 Tr kg h Ta 
Ta - Ba s e  t emp e ra.t u r e  " R  
T f l ow i ng t emperature 0 R  
z � de v i a t i on f a c t o r  
' o .  8 0 9  ' 2 s 1 
Pr - average r e s e rvo i r  p re s s u r e  . 
( :1 1: ) 
The ana ly s i s  o f  the p r e s s u r e  bui l d-up curves f o r  q a s  flmv a l l ow s  t ho 
same parame t e r  t o  be p l o t t e d  as de s c r i be d  p r e v i o u s l y  vJi t h  t h e  e x cept i on 
t hat t he Pw i s  rep l a ced by Pvv 2 and Pw 2 i s  pl o t t e d  ve r s us l og o f  s Lut - i n  
.6t 
) t ime [l. t  or  l og ( t + LJ. t . The s l op e u.n a l y s i s  i s  i d;:m t i cal t o  t ha t  o f  0 
t he s l i q ht l v  comp re s s i bl e  f l ow previ ous l y  d i s cu s s ed .  
l n  p r a c t i ca l  e nq i n e e ri ng uni t s ,  t he s l ope rn i s : 
m -= 1 6 3 7  qg J1.q z T 
k h 
Var i abl e P r oduc t i on ra t e  be f o r e  C l o s i ng i n  
Equat i o n ( 2 3 ) was de r i v e d  fo r a we l l  w h i ch p r o du c e s  un i f o rm l y  a t  
rat e q f rom t ime z e r o  t o  t i me t and i s  t he n  c l o s e d i n .  How e v e r , s u ch 
( 3 3 ) 
condi t i on s  do n o t  no rma l l y  e x i s t , iind s o  s ome c o r re ct i on mus t be app l i ed 
t o  t a k e  a c co unt o f  t he vary i ng ra. t e s  at whi ch a wel l w i l l  have p rodu c e d  
dur i ng i t s  h i s t o ry . 
To i l lus t rat e the me t hods u s e d  for co r re c t i on s , s uppo s e  t hat  t h e  
p roduct i on h i s t o nr o f  t h e  wel l  ',v d S  cl s  s ho'wn by t h e  broken l i n e  i n  
2 5  
F i gur e I I  I .  The p r o du c t i on hi s t o ry can b e  approximat ed supe r impo s i  n c;  
a s e r i e s  of s t eps ( �s s hown 1 n  Fi gure I I I ) and t he n  the  r e l at i o n s h i p  
G! 
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/ We l l comp l e t e d  
� 
• "-.,_.....- Meas ured rat e >< - We l l 
""' 1 q \ \ 
ql 
I 
�------t�l��--_._t 2  
t i me 
c l 0aned up 
1� ]\.pp r o x i ma t e d  r a t e  
tq ""' ,.._ C l o s ed i n  f o r  t e s t 3 
F i g . I I I  - I l l u s t rat i on f o r  C o r r e ct i ng Var i ab l e  P r o du c t i on Rat e .  
2. 6  
g i ve n  b y  equat i on ( 2 :-3 )  i s  us e d  i n  t h e rnod� f i cd f o rm :  
t + 6t 
l n --""'------ + 
+ ( ;� 1] ) 
t 0  + 6 t - t 3 
The quant i t i es  t and q , as i nd i c a t e d  i n  F i g u r e  I I I ,  a n d  - n e  s o  
appro x imat ed t hat t hey r epre s e n t t lte s am e t o t al produc L o n  a s t h e  vv •.:d l 
a c t ua l l y  produced.  
Pw is  pl o t t ed ve r s us 
+ 
t + 6 t  
t -+ 6 t  - t 3  
q:l l n  
+ 
t + .6 t - t l  
ql l n  t + 6 t - L ,  
- - - e t c .  
The above equ a t i o n  ha s only t he o r e t i c a l  i mpo r t an c e . l n s t e ad o f  
+ 
m<>. k i ng t hi s  c o r re c t i o n equa t i on � )  can be mo di f i e d by i n t r o d u c : nq d s o -
cal l ed c o rr e ct t ime t c ,  
q p  
Po - 4 1T  k h 
t + 6t 
l n  ----'-'c�--
6 t 
Whe re q is ca l culated f rom t he l as t  e s t abl i s hed p r o du c t i o n r a t e  be-
f o re clo s i ng i n  t h e  we l l  t c i s  obt a i n e d  by d i vi di ng t h e  t o t al curnu l a t i v e  
pr odu ct i on of t he we l l  by t h e  l a s t  e s t abl i s h e d  p r o du c t i o n r at e .  
We l l  at t he C ent e r  o f  a fi n i t e C i r cul ar R e s e r vo i r  
Exa ct s o l ut i ons t o  the f l ow equat i o n : 
l + 
r 
- f c p. 
k: 
a r e  ava i l ab l e  f o r  t he cas e o f  a s i ngle we l l  i n  t he cent e r  o f  a f i n i t e  
' l ' ( 2 1 )  c l r cu a r  re s e rvo l r .  
q p 





r 2 e 
2 k t 
f p c r 2  e 
+ 
w h e re : xn ( n  = l ,  2 ,  ) are  the roo t s  o f  J 1 ( x )  � 0 .  
Th e abo ve s o lut i on i s  compl i cat ed f o r  g e n e r a l  eng i n e e r i ng us e .  
Ho r n e r  de r i ved <'i n app r ox i ma t i ng equat i on t o  equd.t i on ( 3 6 ) .  
q }l  
Pw -"' Po - 4 Tr k h 
f l n  t + 6t 
6 t  
wh e re t h e  f u n c t i o n v i s  de f i ned by : 
Y ( u ) - E i  ( -u )  + 
1 
u 
·-U e . 
2 r f Jl c + 
y ( .::..4 t:;:..k:_(__:;t;._:,_c+__:_6_t_)_ ) -
2 7 
( 3 6 )  
( 3 7 ) 
Unt i l  /":, t i s  ve ry l a rge , t he s e c o n d  y f un ct i on w i l l  be a l mo s t  z e ro 
and t he f i r s t  w i l l  be n e a r l y con s t ant . 
l t  we de f i ne u1 a s  
t h e n  
q )1. 
4 Tr  
+ fl. t  
fl, t  
+ ( 3 8 )  
F i gu r e  IV s hows t he compar i s on betwe e n  t he exact  e qu a t i o n ( :·i l) ) and 
t he app roxim:tt ed equat i on ( 3 7 ) .  
2 8  
k: t 














I - Theo r e t i al cas e 
1 0 5 
I - Approxim t i o n 
8 ----·---l 




2 H--------+- - ---+------·-+-- -----1 
l 0 4 L-------�--------4------ -"'--- ----� 
5 1 0  1 5  
q J.l 
( Po - Pw ) I 2 Tr k: h 
F i g .  I V - C ompari s on be twe e n  The o re t i cal an� Ap£ro x i ma t ed 
value s [Rep roduced f rom Ho rner 1 0 ] 
2 9  
3 0  
SUGGES TED PROCEDURE FOR BUILD-UP ANALYS IS 
TYe  obt a i n i ng o f  r e l i abl e pr e s s ur e  bui l d-up da t a  o n  an o i l  o r  g i:l s  
we l l  depe nds on t he p rope r ana l y s i s  o f  we l l  cond i t i ons  ex i s t i ng pr i o r  t o  
i ni t i at i on of the pre s s ure bui ld-up t e s t  and on proper "\ve l l  n r epa r a t i o n .  
The we l l  condi t i on s s hould b e  analy zed and L,e t ,·pe o f  f l ow a s c e r t a i n e d .  
A .  We l l  preparat i o n : 
l . ) From flu i d- pres s ure da t a  de t e rmi n e \oJ h e L1 e r  s i ng l e  o r  h1o-
pha s e  f l ow e x i s t s . 
2 . ) Cal culate the t ime recru. i r e d  t o  es t ab l i s "  a s t e ady - s t at e  f l ov1 
condi t i on t hus a l l mv i nq t he det e rmi nat i o n  o f  a s tabi l i zed 
product i o n  rate pri o r  t o  s hut -i n .  The apr r o x i ma t e  t i me 
requi red i s g i ve n  by equa t i o n ( 3 )  o r  ( 4 )  depend i ng on 
whe t he r  i t  i s  a s i ng l e -pha s e  or hvo -oha s rc:: fluid f l ow i ng .  
A s  value s o f k ,  re and ct mus t b e  e s t i m,o.t e d  f rom t he be s t  
deLt a  ava i l abl e , i t  i s advi s ab l e  t o  a l l ow a great e r  time 
f o r  stabi l i zat ion t han the cal cul ated value . 
3 . ) S e t  the we l l on a s  l ow a f l ow Flt e as no s s i b l e  and 
m,,_ i nt d i n  t h i s f l ow rat e for the s t .-t.bi l i zat i o n  p e r i od 
cal cul a t e d  in p a rt A- 2 .  
B .  Performi ng t he t e s t : 
1 . ) Me as ure t he bo t tom- ho l e  pre �3 s ur e  p r i or to t h e  t ime o f  
s hut t i ng the  we l l  i n .  
2 . ) C l o s e t he we l l  i n  and cont i nue meas u r i ng the p re s s ure as 
a fun c t i o n  of t ime . 
3 . ) I f  i t  i s  des i red t o  obt a i n  a l l  po s s ibl e i nformat i on from 
t he we l l i t  s houl d  be l e ft s hut i n for a l e ngt h o f t ime ' 
g i ve n  by equa t i o n s  ( 5 )  o r  ( 6 ) . 
C .  Analyz i ng t he R e s ul ts : 
l . ) Pl o t  t he b�:- t t om- ho l e  pres sure as a fun ct i o n  o f  t he 
whe re 
l og ______ 6�t __ __ 
Cumulat i ve Produ c t i o n  from wel l 
S t ab i l i zed Fl ow Rat e  
31  
6 t  = t h e  e l aps ed t ime s i n 2 e t he we l l  w a s  clo s ed i n .  
D .  D e t e rmi nat i o n  o f  Permeabi l i ty : 
The s l ope o f  t h e s t ra ight l i ne i s  us e d  t o  c a l cul a t e  t he 




I f  any doubt exi s t s  as to t h e  s e l e ct i o n o f  t h e  c o r r e c t  port i o n  o f  
t h e  curve , t he fo l l owi ng t e s t  s hould b e  appl i ed 
t 
0 . 0 0 0 2 6 .3 7  k t 0 
f c ).1 rw 
- 2  -l  If  t he abo ve cal cul a t e d  vct l ue fal l s in  the range o f  1 0  t o  10  , 
the p rope r s t ra ight l i ne s e ct ion was us e d  and t he p e rme ab i l i ty 
e s t imat i o n  i s  val i d. ( l O )  
3 2  
E .  S k i n E f f e c t  E s t imat i o n :  
The s k i n  e f f e c t  i s  cal culat ed us i ng e quat i on (15-A ) o r  ( 1 5-B ) . 
F .  D e t e rmi n i nq St at i c  Re s e rvo i r  Pre s s ure : 
The fo rwa rd •=xt rapo lat i o n  o f  the s t rdi ght l i n e  p o r t i o n  o f  1 
* 
( i n f i n i t e  6 t )  g i ve s  the va lu e o f  p r e s s ure p • Us i ng t hi s  
* 
val ue o f  p re s s ur e p so obt a i ned t h e  Vdlue o f  t he f i na l  c l o s e d  
i n  pre s s ure ( p 0 ) i s  obtc-d ned as fo l l ows : 
l . ) C l a s s i fy t he we l l s drd.i nag•:= area , and ar>proxima t e  t h e  
p o s i t i o n o f  the \-Je l l  i n  t h e  dra i nage d. rea , i . e . a s qu,�L r e , 
r e c t angul a r , c i r cular e t c .  
2 .  ) Cal cul a t e  t he val ue o f  tD repre s ent e d  by t he ave rdge t o t a l  
previ ous p ro du c i ng t ime 
0 . 0 0 6 3 3  k: t0  
f v c i". 
whe r e  A i s  t he a r e a  o f  the we l l s  dra i nage area and t 0  i s  
to tal d.Ve rage p roduci ng t ime i n  days . 
3 . ) R e a j  number "N" from approximat e curve o f  f i gure 2 t o  8 
( 1 2 ) from Mat hews . The curve s e l e ct e d  :3 hould repres ent the 
type o f dr·i. i na.g e a r e a  a s  de t e rmi ned from t he be s t  avd i l -
able i n f o rmat i o n . 
The f i na l  cl o s ed- i n p r e s s ure i s  t hen g i ven by : 
* m 
P - N (2. 303  ) . 
G .  E s t i mat i ng Condi t i on Rat i o : 
C ondi t i on rat i o f o r  an o i l  w e l l i s  cal cul a t e d  by us i ng t he 
fol l owi ng equa t i on : 
c r  2 (�)  rn l og rw 
Po - Pf 
The condi t ion r a t i o  for a gas w e l l  i s  cal cul a t e d  by u s i ng t h e  
f o l l owi ng equat i o n : 
2m l og ( re ) cr rw 
2 2 
Po - P f  
3 3  
3 4  
The p re s s ure bu i l d-up da. t d  o n  ':...;e l l s  A ,  B ,  C ,  and D hdve be e n  a na. l y z e d  
us i ng t he s ugg e s t e d  pro c e dure . We l l  A i s  an o i l  we l l , wLi l e  we l l s  B ,  C 
and D are gas w e l l s . 
Cal cul a t i o n  o f  t he Sk i n  E f fe c t o n  we l l  "fl." s hows t hat t he p e :nne abi l i  ty 
near t h e  w e l l-bo re is pra ct i ca l l y  the s am·e as t he pe rme0.b i l i  t y  a t  t he 
i n t erwel l a rea , whi ch i s  aga i n  s uppo rte d  by t he cQl cul a t i o n o f  C ondi t i on 
Rat i o .  
Ca l cu l a.t i o n o f  t he S k i n E f fe ct o n  we l l  "B" s hows that t he 
p e meab i l i  t y  n e a r  t he 1.ve l l -bore i s  s light l y  great e r  t han t h e  pe rmeabi l i ty 
o f  t he i n t e rwel l area , whi c h  i s  again s upp o r t e d  ��Y t he cal cul a t i o n o f  
C o ndi t i on Rat i o .  
We l l s  C and D have be e n  analyzed us i ng bo t h  the cumu l a t i ve p ro du c t i on 
s i n ce c omp l e t i o n  d.nd. the cumul a t i ve product i o n  s i nc e  the l a s t t e s t . Mo s t  
o f  t he we l l s  d. re t e s t ed. o n c e  a year a.nd the ba s i c  p roduc t i o n quo t a  'l.s s ign­
ed t o  t he we l l  i s  bas e d  o n  thi s t e s t ; and the w e l l  w i l l  be p roduce d  fo r 
t h e  f o l l ow i ng year a c c o r d i n'} ly . Dependi ng on the marke t  dem:md , t he re i s  
a lway s a po s s ibi l i ty t hat the w e l l  w i l l  be p r o duced at a c o n s t a nt rat e 
un t i l  a new t e s t  i s  r equ i r e d  at t he end .:)f a year ' s product i o n .  
Anal y s i s  o :f 1.ve l l s  C and D s hows t hat app re c i dbl e e r ror i s  i nt r o d·�ced 
i n  t he cal c ul a t i o n o f  p e rme abi l i ty u s i ng t h e  i n crementctl cu:nu l a t i ve 
p ro duc t i o n , f igure s , but a n eg l i g i bl e  e rr o r  i s  i n t rodu c e d  i n  t he 
cal cul at i o n  o f  s t at i c  p re s s ure . 
EXAMPLE PROBLEMS 
WELL A 
A p re s s ur e  bu i l d-up t e s t  o n  Kans u.s o i l  we l l  y i e l de :l t he f o l l ow i ng 
da t a : 
S hut - i n  t i me 







1 0  
1 4  
2 0  
3 0 
4 0  
5 0  
8 0  
Ne t s a nd t h i ckn es s ,  h � 9 . 6 ft . 
Po ro s i ty , f � 1 6  %. 
We l l  p re s s u r e  
_Pw , ( P:s :i d. ) 
1 , 5 3 4  
1 , 9 41 
1 , 9 6 7 
1 , 9 9 3  
/. , 0 0 5  
2 , 0 1 5  
2 , 0 2 4  
2 , 0 3 5  
2 , 0 4 8  
2 , 0 C 2  
/. , 0 7 3  
2 , 0 8 0  
2 , 0 8 2  
Ave rage 8 i l  c omp r e s s ib i l i t y ,  c � 5 0 x 1 0 6  vo l / vo l / ps i .  
We l l  radi us , rw = 3 i n .  
S t ab i l i zed o i l  p r o du ct i o n rate p r i o r  t o  s hut- i n ,  q 0  = 9 5  S TB / D  
Cumul a t i ve o i l  p ro du c t i o n  s i n c e  comp l e ti o n , Np - ::'> 0 4 0 bbl . 
O i l fo rmat i o n  vo l ume facto r ,  p0 -= l .  2 9  vo l / vo l  
R e s e rvo i r  o i l  v i s co s i ty ,  p 0  = 0 . 7 cp . 
We l l  i s  d r i l l e d  o n  1 6 0 a c re s pa c i ng .  
t o -
2 4NI_? = ( 2 4 ) ( 3 0 4 0 ) __ 7 6 8 ho urs . 
q0 ( 9 5 )  
:3 5  
2 J 9 8 7 4 2 9 8 7 4 3 2_
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3 7  
Shut- i n  t ime 6 t  We l l  p re s s u r e  
(hours ) t o + E t P , (Ps j ,,_ ) 
l o- 1 
--· ·�·- - ·- · -
0 1 , 5 .3 5  
1 1 3 . 0 0 3 9  1 , 9 4 1  
2 2 5 . 9 7 4 0 l ,  9 6 7 
4 5 1 . 8 1 3 4  l ,  9 9 :l 
6 7 7 . 5 1 9 4 2 , 0 0 5  
8 1 0 3 . 0 9 2 8  2 , 0 1 5 
1 0  1 2 8 . 5 3 4 7 2 , 0 2 4  
1 4  1 7 9 . 0 2 8 1 2 , 0 3 5  
2 0  2 5 3 . 8 0 7 1  2 , 0 4 8  
3 0  3 7 5 . 9 3 9 8 2 , 0 6 2 
4 0  4 9 5 . 0 4 9 5 :-: , o · n  
50  61 1 . 2 4 6 9 2 , 0 8 0 
8 0  9 4 3 . 3 9 6 2  2 , 0 8 2  
CALCULATI ONS : 
Pe rmeabi l i ty 
m == s l ope == 8 3  ps i a /  cy c l e  ( f i q . - V )  
k 0 = 
( 1 6 2 .  6 )  ( 9 5 )  ( 0 .  7 0 )  ( 1 .  2 9 ) 
( 8 3 ) ( 9 . 6 )  
s = 
s 
1 7 . 5 md . .  
Pw 1 h r - P f  1 . 151  
m 
1 9 4 2  - 1 5�"34 
1 . 1 5 1  8 3  
s == 0 . 5 1 2 . 
1 . 1 5 1 l og ( qo � 0  2 J 0 .  4 m h f c r vJ 
( 9 5 ) ( 1 . 2 9 )  -6 - 1 . 1 5 1  l os 
) ( l  0 .  t±) ( 8 �) ) ( 9 .  6 )  ( 0 .  16 ) ( 5 0 X J 0 
' ) 
( 0 .  ? 5 ) ' ' 
3 8  
S t at i c  R e s e rvo i r  o r e s s ure 
-)', 
p � 2 1 8 0  p s i ri. ( F i g .  V )  
tD 
. 0 0 6 3 3  k t o � 
f u c A 
( 0 . 0 0 6 3 3 ) ( 1 7 .  5 )  ( 3 2 )  
( 0 . 1 6 ) ( 0 . 7 0 ) ( 5 0 X 1 0� 6 ) ( 1 6 0  X 4 3 5 6 0 ) 
0 . 0 9 0 8  
N := 1 . 0 8  
8 3  
Po 2 1 8 0  - 1 . 0 8  ( 2 . 3 0 3 ) 
2 1 11 ps i a 




X 43 560 
1J 
1 6 0  X 1 3 5 6 0  
3 . 1 1  
1 4 9 0  
2 m l og (.�� ) 
Po - Pf 
1 4 9 0 
( 2 ) ( 8 :3 ) log ((),25) 
c r = 2 1 41 - 1 5 3 4  
c r .=:: 1 . 0 3 2  
From Mathews (�2)For ::1. \v e U  ] n t he 
cent e r  of c i rcula r  dra i nage 
a r e a . 
W El l  B 
A p re s s ure b'..l i l d-up t e s t o n c1.n Ok lahoma Panhctndl e a rea o n gas w e l l 
y i e l de d  the f o l l ow i nq data : 
S hut - i n  t ime We l l  p r e s s u r e  





1 3 . 5 
2 2  
3 5  
4 5  
6 0  
7 2  
Other data fo r th i s wel l : 
N e t  s and t h i ckne s s ,  h = 6 5  ft . 
Po ros i ty ,  f = 1 5 . 1 %. 
Average re s e rvo i r  p re s s ur e , pr = 2 3 7 5  p s i a .  
pw ' ( ps i a )  
1 , 6 9 3  
1 , 0 2 5 
2 , 1 6 5  
2 , 2 1 5 
2 , 2 6 0  
2 , 2 8 1 
2 , 3 0 1  
2 , 3 1 2  
2 I 3 2 :3  
2 , 3 3 0 
S tab i l i ze d  qas pro du c t i o n  rat e p r i o r  t o  s hut- i n ,  q
g 
-== 5 0 0 0  !'fJSCF/dety . 
Re s e rvo i r  t empe ra t u r e , T � 6 3 5  o R .  
Res ervo i r  gas  v i s c o s i ty ,  Pg = 0 . 0 2 cp . 
G a s  devi�t i o n fact o r  at re s e r vo i r  co ndi t i o n , z = 0 . 8 3 .  
Radi us of drct i nag e ,  r = 2 , 1 0 0  ft . , 3 2 0  a c r e  we l l  spa c i ng .  e 
We l l -bore rad i us , r = 4 i n .  
w 




( 2 4 )  ( 9 0 0  0 0 0 ) 
5 , 0 0 0  4 , 3 2 0 hours . 
3 9  
4 0  
S hut - i n  i i rnc 6 t Wel l  pres sure 
6 i ,  ( Dur::; ) t o  + c, t P . .  , (n :;i a ) ?, 10 6 Pw X 
1 0 - 4 
0 1 , 6 9 3  2 .  8 b b �� 
1 2 . 3 1 4 3 1 , 9 2 5  3 . 7 0 5 6 
2 4 . 6 2 7 5  2 , 1 6 5 4 . 6 8 7 2  
5 1 1 .  5 6 1 0  2 , 2 1 5  4 . 9 0 6 2  
1 3 . 5 J l . 1 5 2  2 , 2 6 0 5 . 1 0 7 6  
2 2  5 0 . 6 7 8 1  2 , 2 8 1  5 . 2 0 3 0  
3 5  8 0 . �3 6 7 4  2 , 3 0 1  5 . 2 9 4 6  
4 5  1 0 3 . 0 9 2 8  2 , 3 1 2  5 . 3 4 5 3  
6 0 1 3 6 . 9 8 6 3  2 , 3 2 3  5 . 3 9 6 3  
7 2  1 6 3 . 9 3 4 4 2 , 3 3 0  5 . 4 2 8 9  

CALCULATI ONS : 
P e rmectb i l i ty 
m = S l ope = 5 0 0 , 0 0 0  ps i a 2 / c v cl e  
k � 1 , 6 3 7  q9 p0 zT 
g mh 
k g 
- ( 1 , 6 3 7 ) ( 5 , 0 0 0 ) ( . 0 2 ) ( 0 . 8 3 ) ( 6 3 5 ) 
( 5 0 0 , 0 0 0 ) ( 6 5 ) 
k 
g 
2 .  6 5  md . 
Sk i n  Ef f e c t  
S = 1 . 1 5 1  Pw 2 ( l hr )- P f 2  
m 
- 1 . 15 1  l og 
s ""' 1 . 1 51 ( 4 . 5 8 X 1 0 6 ) - ( 2 . 8 6 6  X 1 0 6 )  ( 5 0 0 , 0 0 0 ) 
4 2  
( P T C . - b )  
( 5 0 0 0 ) ( 6 3 5 ) ( 0 . 8 3 ) ( /, 3 7 5 )  - l . l 5 l l og ( l . O : l3 ) ( 5 0 0 , 0 0 0 ) { 6 5 ) ( 0 . 1 5 l ) ( O . :' :J ) ;; 
s -0 . 7 21 . 
S t at i c  R e s e rvo i r  Pr essure 
" 2  p 






6 . 2 5  x 1 0 6 � 2 5 0 0 ps i a  
0 . 0 0 6 3 3  k t o  P 
fp p, 
( 0 . 0 0 6 3 3 ) ( 2. 6 5 ) ( 1 8 0 ) ( 2 3 7 5 )  
( 0 . 1 5 1 ) ( 0 . 0 2 ) ( 3 2 0  X 4 3 5 6 0 )  
0 . 1 7 0 3  
( 12 ) 
( FI C . - 6 )  
N - l .  6 8  ( From Mat h ew s - f o r  a w e l l i n  ce n t e r  o f  c i r cu l a r d ra i n ag e  
2 
Po 
area . ) 
* 2  p N (�3 ) 
- 6 . 2 5 X 1 0 6 - 1 . 6 8  ( 5 0 0 0 0 0 ) 2 . 3 0 3 
p0 2 - 5 . 8 9 x 1 0 6 
p0 = 2 4 2 8 . 
c r = 2m ( l og fe-l 
c r = 
c r = 
Po 2 - Pf
2 
( 2 ) ( 5 0 0 , 0 0 0 ) ( l og (�) 
5 . 8 9 0  X 1 0 6 - 2 . 8 6 6  X 1 0 6 
l .  2 7  2 • 
4 3  
4 4  
WELL C 
A p r •a s sure bu i l d-up te s t o n  a.n Ok l ahoma. ( Oswego fo rmat i o n ) gas He l l  
y i e l ded t he fo l l ow i ng da t a : 
S hut - i n  t ime We l l  p r e s s ure 






1 2  
1 8  
2 4  
3 0  
3 6  
4 2  
4 8  
5 4  
6 0  
6 6  
7 2  
Othe r dat a  fo r t h i s we l l : 
Net s and thi ckne s s , h = 4 5  ft . 
Poros i ty ,  f = 1 3 . 2 %• 
R o s e rvo i r  t emp e r a t ure , T = 6 4 5  o R .  
Res e rvo i r  gas vi s cos i ty ,  p = 0 . 0 1 5  c p .  
g 
p , ( p s i a ) 
3 8 � 8 
3 8 7 2  
3 9 1 6  
3 9 3 4 
3 9 4 5  
3 9 5 5  
3 9 6 6  
3 9 7 6 
3 9 8 0  
3 9 8 3  
3 9 8 6 
3 9 8 8  
3 9 9 0  
3 9 9 2 
3 9 9 3  
3 9 9 4  
Gas deviati on f d ct o r  a t  re s e rvo i r co ndi t i o n ,  z == 0 .  9 1 1 . 
Cumul at i ve p r o duct i o n  s i n c e  comp l e t i o n , Gp = 2 4 3 , 1 4 2  YJSC F .  
Stabi l i zed product i o n  rate p r i o r  t o  s hut- i n , qg = 2 3 0 0 MS C F / day . 
Ave rage r e s e rvo i r  p re s s ure , D = 4 1 0 0 p s i a . ' r  
We l l  i s  dr i l l e d  o n  6 40 a c re spa c i ng . 
l . ) Us i ng Cwnu l a.t i ve p r o duc t i on ,  s i n c e:  v,• o 1 1 c()mp 1 0t 1 o n .  
t .;:: 0 
( 2 4 :J 1 4  2 ) ( 2 1  ) 
( 2 3 0 0 ) 
t 2 5 3 7  hr . 
0 
We l l  p re s s ur e  Shut - i n  t L me 
6 t I ( } 1 0U Y 0  ) t c  + 0:. t 
.L t ) - · 1  
l 3 8 4 8  1 1 . 8 1 2 
2 3 8 '1 2  1 4 . 9 9 7  
4 3 9 1 6 1 5 .  :l 4 0  
6 3 9 3 4 1 5 . 4 8 1  
9 3 9 4 5  1 5 . 5 G B  
1 2  3 9 5 5  l 5 . b 4 7  
1 8  3 9 6 6  1 5 . 7 3 4  
2 4  3 9 7 6 1 5 . 8 1 3  
.'l O :l 9 8 0  1 5 . 8 11 5  
3 6  3 9 8 3 1 5 . 8 6 9  
4 2  3 9 8 6  1 5 . 8 9 3  
4 8  3 9 8 8  1 5 . 9 0 9  
5 4  3 9 9 0  1 5 . 9 2 5  
6 0  3 9 9 2  1 5 .  9 4 1  
6 6  3 9 9 3 1 5 . 9 4 9  
7 2  3 9 9 4 1 5 . 9 57 
CALCULATI ONS 
m = S l ope =-= 0 .  3 0 0  x 1 0 6 ps i a /  cy c l e  ( F iq .  VT1 -A ) 
Permeabi l i ty 
k = g 
' ·· -
]: C1 
1 6 3 7  q0 Jlq z T 
m h 
( 1 6 3 7 ) ( 2 3 0 0 ) ( 0 .  0 15 )  ( 0 .  0 1 1 ) ( 6 4 8 ) 
( 0 . 3 0 0 X 1 0 6 ) ( 4 5 ) 
2 .  4 6 9  md . 
: \ . 9 1J 0 1  
7 .  8 7'/l 
1 � .  '/ ·1 1 8  
:.n .  5 9 � �.� 
: : s .  :� 4 %  
!] 7 . 0 '/ '7 ':  
'/ 0 .  ·1 5 0 1  
0 :  . '! 1 .'·: 1) 
ll t) .  S G / 9  
1 3 9 . 9 1 � 5  
1 u i� . 8 5 > 8  
1 8 5 . G 8 6 '7 
�� 0 8 . 1 1 :3 7  
1: ·, l .  o :: 5 8  
2 5 • 5 5 .'; 6 
;� ·; 5 .  9 b 'l s 
4 5  
1n q R 7 fi I q 8 7 h s 4 ? 'I 8 7 fi s 
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S t at i c  R e s e r vo i r  P r e s s u re 
1 6 . 4 2  x 1 0 6 ps i a 2 
0 . 0 0 6 3 3  k0 t 0  P r  
f Jl A 
( Fi g .  VIJ -,A )  
( 0 . 0 0 6 3 3 ) ( 2 . 4 6 9 ) ( 1 0 5 . 7 ) ( 4 1 0 0 ) tD ( 0 . 1 3 2 ) ( 0 . 0 1 5 ) ( 6 4 0  x 4 3 5 6 0 ) 
t
D 
= 0 . 1 2 8 . 
4 7  
( 1 2 )  
N = 1 . 40 From Ma t hews - we l l  i n  a c e n t e r  
2 
Po 
2 p 0 
n 2 - 0 
Po 
;;:: -J< 2 N (-m- )  p 2 . 303 
1 6 . 4 2  X 1 0 6 l . 4 0  
6 2 1 6 . 2 4 x 1 0  ps i a  
40 3 0 ps i a  
o f  a c i r cu l a r  d ra i n ag e  � r e � .  
(
0 . 3 0 0  X 1 0 6 
) 
2 . 3 0 3  
2 . )  Us i ng i n c r eme n t a l  product i on ,  s i n c e  las t t e s t • 
t 
0 
I n cr emen t a l  product i on 
== 
( 8 7 0 0 0 ) ( 2 4 )  
2 3 0 0  
9 0 7  hr s . 
8 7 , 0 0 0  M.'3C F 
S hut - i n  ti me We l l  pre s s u r e  
6t ,  �tours ) Pv-1 ,  ( ps ia ) 
1 3 8 4 8  
2 3 8 7 2 
4 3 9 1 6 
6 3 9 3 4 
9 3 9 4 5  
1 2  3 9 5 5  
1 8  3 9 6 6  
2 4  3 9 7 6  
3 0  3 9 8 0 
3 6  3 9 8 3  
4 2  3 9 8 6  
4 8  3 9 8 8  
5 4  3 9 9 0 
6 0 3 9 9 2  
6 6  �3 9 9 3  
7 2  3 9 9 4  
S l ope 6 2 - 0 . 3 6 0  x 1 0 p s i a  / cy c l e . 
Permeab i l i ty 
16 3 7  q0 Jlq z T 
m h 
D 2 X l O b  ' W  
1 1 . 8 1 2  
1 4 . 9 9 7  
1 5 . 3 4 0 
1 5 . 4 8 1 
1 5 . 5 6 8  
1 5 . 6 4 7  
1 5 . 7 :3 4  
1 5 . 8 1 3  
1 5 . 8 4 5  
1 5 . 8 6 9  
1 5 . 8 9 3  
1 5 . 9 0 9 
1 5 . 9 2 5 
1 5 . 9 4 1  
1 5 . 9 4 9  
1 5 . 9 5 7 
( 1 6 37 )  ( 2 :30 0 ) ( 0 . 0 1 5 )  ( 0 . 9 1 1 ) ( 6 4 8 ) 
( 0 . :3 6 0  X 1 0 6 ) ( 4 5 ) 
k 
g 
2 .  0 5 8  md. 
S t at i c r e s e rvo i r  pre s s ur e  
p* 2 - 1 6 . 3 8  X 1 0 6 
0 . 0 0 6 3 3  kg t 0 P r 
f p A  
( 0 . 0 0 6 3 3 ) ( 2 . 0 5 8 ) ( 3 7 . 8 ) ( 4 1 0 0 ) 
tD - ( 0 . 1 3 2 ) ( 0 . 0 1 5 ) ( 6 4 0  X 4 3 5 6 0 ) 
( F i g .  VI I -B )  
1 1 . 0 1 3 2  
2 2 . 0 0 2 2  
4 3 . 9 0 7 8 
6 5 . 1 1 7 4  
9 8 .  2 5 3  :i 
1 3 0 . 5 7 5 7  
1 9 4 . 5 9 4 6  
2 5 7 . 7 8 7 3  
:1 2 0 . 17 0 7 
3 8 1 .  '7 6 0 3  
4 4 2 . 5 7 1 1  
5 0 2 . 6 1 7 8 
5 6 1 . 9 1 4 '1 
5 2 0 . 4 7 5 7  
6 7 8 . :31 4 5  
7 .'"l 5 . 4 4 4 3  
4 8  































































































































































































































































































































n ' o  
2 
0 . 0 3 6 5  
( 12 ) 
0 . 4 5  From Mat he',vS , w e l l  i n  a center o f  
d c i r cular drai nage are � .  
* 2  p � 
m 
N ( 2 . 3 0 3 ) 
1 6 . 3 8  X 1 0 6 
1 6 . 2 6 4  X 
4 0 4 0  ps .i a .  
0 . 3 6 0  X 1 0 °  
0 · 1 5 ( 2 . 3 0 3 ) 
? 
ps i a �  
5 0  
WELL D 
5 1  
A p re s su re bui l d-up t e s t  on an Jkl ahoma ( OsvJego fo rma.t i o n) g a s  we l l  
y :i. e l d<::d t h e  fo l l ow i nq dat a. : 
S hut - i n  t ime 
6 t ,  ( hours ) 








2 4  
3 0 
3 6  
4 2  
4 8  
5 4  
6 0  
6 6  
7 2  
Ne t s and thi ckne s s ,  h � 4 0  ft . 
Po ros i ty , f = 1 3 . 1 %. 
R e s e rvo i r  t empe rat ure , T = 645 ° R .  
R e s e rvoi r gas v i s co s i ty , p = 0 . 0 1 5  c p .  
9 
We l l  p re s sure 
p , ( p s i a ) 
w ----
3 8 60 
3 8 8 7  
3 9 1 1  
3 9 2 4 
3 9 3 5  
3 9 41 
3 9 4 8  
3 9 5 4  
3 9 5 9  
3 9 6 4  
3 9 6 9 
.3 9 7 1  
3 9 7 3  
3 9 7 5  
3 9 7 7  
3 9 7 8  
Gas de v i at i o n fa 2t o r  at re s e rvo i r  condi t i on ,  z = 0 . 9 0 5 . 
St a.b i l i zed product ion rat e p r i o r  to s hut- i n , qg := 2 10 0  MS C F' / day . 
A ve rag e re s e rvo i r  p re s s ur e , P r  = 40 0 0  ps i a .  
We l l  dr i l l ed o n  6 4 0 acre spa c i ng .  
Cumu l dt i ve p roduct i o n  s in ce comp l et i on ,  G p  = 191 , 7 0 6  M3 C F .  
l .  ) lJ s i ng cumulat i ve p r o d u c t i o n : 
( 1 9 1  7 0 6 )  ( 2 4 )  
2 1 0 0 
t 0  - 2 1 9 1  hrs . 
S hut - i n  t ime �/ e l l p r e s s ur e  
r\1 , (ps i a )  
l 3 8 6 0  
2 3 8 8 7  
4 3 9 1 1  
0 3 9 2 4  
9 3 9 3 5  
1 2  3 9 4 1  
1 8  3 9 4 8 
2 4  :3 9 5 4  
3 0  3 9 5 9 
3 6 3 9 6 4  
4 2  3 9 6 9  
4 8  3 9 7 1 
5 4 3 9 7 3 
6 0  3 9 7 5 
6 6  3 9 '7 7  
7 2  3 9 7  8 
CALClJlATT ONS 
S l ope � 0 . 3 6 0  x 1 0 6  2 ps i a  I cy c l e  . 
Permeab i l i ty 
k -g 
1 6 3 7  q9 Jlg z T 
m h 
( 1 6 3 7 ) ( 2 1 0 0 )  ( 0 .  0 1 5 ) ( 0 .  9 0 5 ) 
kg ( 0 . 3 6 0 X 106 ) ( 40 ) 
k - 3 . 2 40 md . g 
/: 
j: \J X 
l O b  
1 4 . 9 0 4  
1 5 . 1 1 3  
l 5 . :l 0 l  
1 5 . 4 0 2  
1 5 . 4 8 1  
1 5 .  5 .'3 6 
1 o . 5 9 l  
1 5 . 5 3 9  
1 5 .  5 7  8 
1 5 . 7 1 8  
1 5 . 7 5 8 
1 5 . 7 74 
1 5 . 7 8 9 
1 5 . 8 0 5 
1 5 . 8 2 1  
1 5 . 8 2 4  
1 .  �) c, :,: o 
CJ .  11 <J g 
1 8 . :<� ' ; :  
? '! .  :n o o  
� 0 . 9 0 CJ I 
5 'i .  4 ' l :� 
8 l . 4 i:! 4 8  
1 0 8 .  '1 5 21  
u s .  0 '! 4 . 
1 6 1 . '::l 5 /: l� 
1 8 8 . 0 8 7 8  
1,1 1 . �� 8 1 1  
2 40 .  5 :) 4 5  
( Fiq . -V1 Il -A )  
5 "  /, 





7 6 'i 4 q ? I Q 8 
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5 4  
S t a t i c R •-" s e r vo i r  P r e s s ur e : 
.;, z l b . J 8  1 0 6 p s i a 2  p - X ( Fig . VI II -A )  
tD 
0 . 0 0 6 3 3 kg t o P r  -
f p A  
tD 
( 0 . 0 0 6 3 3 ) ( 3 . 2 40 ) ( 9 1 . 2 ) ( 4 0 0 0 ) 
-
( 0 . 1 3 1 ) ( 0 . 0 1 5 ) ( 6 4 0  X 4 3 5 6 0 ) 
( 1 2 )  
N l . 4 6 From Mat hev1 s - f o r  we l l  i n  a 
cen t e r  o f  a c i r cu l a r  drai nage 
drea . 
2 * 2  m Po 
= p N ( 2 . 3 0 3 )  
2 1 0 6 
0 . 3 60 X 1 0 6 
""' 1 6 . 3 8 l .  4 6  ( Po X 2 . 3 0 3  
2 1 0 6 
2 
Po 
- 1 6 . 1 5 X p s i  a 
Po 
== 4 0 1 8 ps i a 
2 . ) Us i ng i nc r emental produ c t i o n  
I n c remental p r o duc t i on s i n c e  l :ts t  t e s t  7 0  I '7 0 6  MSCF 
( 7 0 7 0 6 ) ( 2 4 )  
t == 0 2 1 0 0  
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S hut - j n  t ime We l l  p re s s ur e  
t,t , ( hou rs pw ' ( ps j a ) 
1 3 8 6 0 
2 3 8 8 7 
4 3 9 1 1  
6 3 9 2 4 
9 3 9 3 5 
1 2  3 9 41 
1 8  3 9 4 8  
2 4 3 9 5 4  
3 0  3 9 59 
3 6  3 9 6 4  
4 2  3 9 6 9  
4 8  3 9 7 1  
5 4  3 9 7 3  
6 0  3 9 7 5 
6 6  3 9 7 7  
'1 2  3 9 7 8  
S l ope - 0 . 4 0 0  x 1 0 6 ps ia2 / cycle  
P e rmeabi l i t y  
k 
g 
1 6 3 7  qg Jlq z T 
m h 
( 1 6 3 7 ) ( 2 1 0 0 ) ( 0 . 0 1 5 ) ( 0 . 9 0 5 )  
( 0 . 4 0 0  X 1 06 ) ( 40 )  
kg ?. .  9 1 6  md . 
S t at i c Re s e rvo i r  P rr s s ur o  
p * 2 :.:: 6 1 6 . 2 6  X 1 0  ps j ."J. 2 
� 0 . 0 0 6 3 3  � t 0 Pr 
tD f )1 A 
( 0 . 0 0 6 3 3 ) ( 2 . 9 1 6 ) ( 3 3 . 7 ) ( 40 0 0 ) 
( 0 . 1 3 1 ) ( 0 . 0 1 5 ) ( 6 4 0 ) ( 4 ,'3 5 6 0 ) 
5 6  
L t p 2 X ( ) w 6 t + t, t 
1 0 - 4 1 0 0 
1 4 . 9 0 4 1 2 . 3 6 0 9  
1 5 . 1 1 3  2 4 .  ti 9 1 4 
1 5 . 3 0 1 4 9 . 2 6 1 1  
1 5 . 40 2 7 3 . 7101 
1 5 . 4 8 1  1 1 0 . 1 5 9 1  
1 5 . 5 3 6 1 4 6 . :5 41 5 
1 5 . 5 9 1  2 1 7 . 9 1 7 7  
1 5 . 6 3 9 2 8 8 . 4 6 1 5  
1 5 . 6 7  8 3 5 7 . 9 9 5 2 
1 5 . 7 1 8  4 2 6 . 5 4 0 3  
1 5 . 7 5 8 4 9 4 . 11 7 6  
1 5 . 7 7 4  5 6 0 . 7 4 7 7  
1 5 . 7 8 9  6 2 6 . 4 5 0 1  
1 5 . 8 0 5  6 9 1 . 2 4 4 ��  
1 5 . 8 2 1 7 5 5 . 1 4 8 '!  
1 5 . 8 2 9  8 1 8 . 1 8 1 8  
( Fig . VI I I -B )  
( Fi g .  VI I I -B )  
5 7  
0 . 0 4 5  
N = 0 .  5 5  
c Pn t e r  o f  th e c i rcu1 a. r d r d i n -
ag e ar e a. .  
2 �< 2 N ( 
m ) 
Po p 2 . 3 0 3 
" 
1 0 6 
0 . 4 0 0 X 1 0 6 "' 1 6 . 2 6 X 0 . 5 5  ( 2 . 3 0 3  ) Po 
2 1 0 6 
2 
Po 
:=: 1 6 . 1 6 X p s i a  









s s  
COMPARISON O i'  I?ESULT._=J 
Us i ng Cumul at i ve Produ c t i o n  U s i  n q  l n cremen t a l  P r u d u d_  : e n 
2 . 4 6 9  2 . 0 5 8  
4 0 3 0  4 0 4 0 
Us i nq C umulat i ve Pro du c t i o n  Us i nq J nc rPment a 1  P r r , d u c t  i ,  n 
3 . 2 4 0 
4 0 1 8  
1a T: r ro r i n  us i ncr I ncrerncmt a l  Product i o n  
- 1 6 . 6 3 + 0 . 2 5  
1 0 . 0 0  + 0 . 0 5  
5 9  
CONCLUS IONS 
E ng i ne e r i ng analy s i s  o f  t he s ig n i f i cance o f  pre s s ure bui l d-up 
cha ra ct e r i s t i cs o f  pro du c i ng wel l s  i s  bas ed o n  ,� s o l ut i o n o f  t he equa. t i o n 
o f  di f fus ivity.  The part i cula r  f o rm o f  t he s o lut i o n o f  t h e  di f fus i vi ty 
equfl. t i on depe nds ·::Jn t he a. s s urne d  r e s e rvo i r  bo unda ry <'< nd i n i  t i d l  condi t i o ns . 
Analy s i s  o f  t he pres sure b u i l d- up curv e s  o n  t he e xamp l e  probl ems 
s how ed that a sma l l  e r r o r  is i ntroduced i nt o the de t e rmi nclt i on o f  t h e  
s tat i c  re s e r vo i r pre s sure by us i ng t he mo re a c c e s s i b l e  cumul a t i ve 
p r oduc t i o n  s i nce t he l a s t  t e s t t ha n  t he curnul a t i  v·a pro d·.l c t i o n s i n c e  
compl e ti o n o f  t he we l L  A co n s i de rabl e e r r o r  i s  i nt roduced i nt o  t he 
de t e rmi nctt i o n  o f  t he pe rmeabi l i ty o f t he fo rma t i o n  by us i n•J t he mo re 
a c ce s s i b l e  curnul at i ve product i o n  s i n ce t he la s t  t e s t  t ha.n t he cumuld t i  v e  
produc t i oD s i nce comp l e t i on o f  the we l l . 
I t  ha s be e n s hown t h::J.t t he g an e ra.l ly-us ed ne t ho d  o f  p l o t t i ng the 
l oga ri t hm  of t he s hut- i n  t ime v e r s us the we l l -bore p r e s s u re w i l l  r e s u l t 
in e rrone ous de t e rmi n.at i on s  o f  de s i re d  re s e rvo i r  prope rt i e s . 
6 0  
NOHENCLATURE 
�0 fo rmat i o n vo l ume fa ct o r , r e s e r vo i r  v o l ume pe r s t o ck t ::J.nk vo l ume 
c comp r e s s i b i l i ty ,  ps i -1 
c r  c o n d i t i o n  r a t i o , d i me n s i o n l e s s  
D da.m::1ge f a ct o r , d i men s i o n l e s s 
f e f f e c t i ve po ro s i t y , f r a c t i o n  
h = n e t  r e s e r vo i r  t h i ckne s s , f e e t  
J - b e s s e l  fun c t i on o f  the f i r s t  k i nd of o rde r  z e ro 0 
J 1  be s s e l  funct i o n  o f  t he f i r s t  k i nd o f  o rde r un 1 
J p r oduct i v i t y  i n de x , s t ock t rmk bbl . p e r  deW , p e r  p s i  
k e e f f e ct i ve p e rmeabi l i ty , mi l l idar cy 
k h  e 
l n  
l o g  
e f fe ct i ve ca.pct c i t y , mi l l i da. r cy - f e e t  
l ogar i t hm  t o  bas e e 
l ogar i t hm  t o  ba.s e 1 0 
m s l ope o f  pr e s s ur e  bui l -up cu rve , ps i a.  per cy c l e  
�< 
p ext rapo l at ed s t r a i ght - l i n e  p re s s ur e  at i nf i n i t e s hut - i n  t 1 me ,  
ps i a 
p0 
s t a t i c  re s e rvo i r  p r e s s ure ,  p s i a  
Pw pre s s ure 1 n  we l l -b o r e du r i ncJ bui ld -up , ps i a  
p f  bo t t om-ho l e  f l ow i ng p r e s sure  fo r s t ab l l i z ed p r o du c t i o n rate, p s i a 
p 
" l  hr 




ave r age re s ervo i r  p r e s s u r e , p s i a  
cmnulat i ve product i on s i n c e compl e t i u n ( o i l ) ,  arc:: l ec  
s t ab i l i zed produ ct i on rat e p r i o r  to s hut - i n, ;_)a r r e l c' 
q as -o i l  rat i o , s t d .  cub i c  f e e t  p e r  s t o ck t ank bbl . 
d r a i nag e rad i u s , f e e t  
we l l -bo r e  radi us , f e e t  
s 
T 









s k i n  e f f e c t , ps J 
f l owi n<J t empe rat ure , '' R 
bas e t empe ra t u r e , " R  
p s eudo cumu l a t i ve p r o du c t i o n  t i me , h o u r s  
t ime r equ i r ed t o  obt a i n s at i s f r1 ct o ry da t a , h o u r s  
s t ci.b i l i z e d  t i me fo r s t e a dy - s t a t e  c o n d i t i o n , day s  
cumulat i v e  p r o du c t i o n  t i m·? , hour s  
s h ut - i n  t i me , hours 
d ime n s i on l e s s t ime ( l O ) u s ed f o r  i de n t i fy i ng c:o r r e c t  r : a r t  c J f t; e 
s t ra ight - l i n e  whi ch wi l l  be us ed f o r  ca l c u l a t i no t he s l o • C  
Q :o) 
d i me n s i o n l e s s  t ime ( 1 2 ) us ed f o r  read i n<] "N" f rurn Ma t r1 ev; . ;  c u r v 0 
z ::= gas dev i at i o n f a c t o r ,  d i me n s i o n l e s s 
� de n s i ty ,  po und p e r  cubi c f e e t  
}1 = v i s co s i ty , cent i po i s e  
G 0  = cumul at i ve ; . roduct i on � i n c e  corn , l e t i o n  ( g as ) Li: C .  
SUBS(;RI PTS : 
g g as  
T t o t al sy s t em , o i l  and gas 
0 = o i l  
D d i mens i o nl e s s  
6 2  
Appendix A 
De r i va t i on o f the equat i o n  f o r co ndi t i o n rat i o ,  f o r  a compre s s i bl e  f l u i d  
f low . 




0 . 0 0 0 7 0 4  (p0 2 - Pf 2 ) k0 h 
re JUg T z l n  
rw 
MS CF / day � 1 4 . 6 5  p s i a  60° F .  
f rom wh i ch ,  t he capa ci ty i s  g i ven by : 
The 
m 
re q9 u.9 T z l n  YW 
== 0 . 0 0 0 7 0 4  ( p02 - P f 2 J  
s l ope , m ,  i s  g i v e n  by : 
1 6 3 7 qg: llg T z 
== 
kg h 
from whi ch 
(A ) 
( Equati on 3 3 ) 
k g 
h = 1 6 37 qg �g T z 
rn 
( B )  
By dE! f i n i  t i o n ,  the condi t i o n  rat i o  is 
A 
c r = B 
o r  
c r 
c .r 
== 0 . 0 0 0 7 0 4 (p02 - Pf2) 
1 6  3 7 q9 u9 T z 
rn 
re 
rn l n  rw 
= _1_1_5_(..!!--"2 -
-
P f 2) • Po 
re 
rn 2 . 3 0 3 l o g  
c r = --------�---r�w� 
1 . 1 5  ( po 2 - Pf2 ) 
hence r e  
2 m l og­rw c r = --�2----�2 ( po - Pf ) 
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Appendix B 
D e r i vat i o n o f the e qua t i o n  fo r condi t i o n  ra.t i o , f o r  a s l i gh t ly c ompre s s -
i b l e  f l u i d  fl ow .  
From t h e  D a r cy e qua t i o n  fo r rctdi al f l ow o f  d co mp re s s i b l e  f l ui d : 
0 . 0 0 7 0 8  
S TB/day 
from w1.1 i ch , the ca.pa. c i t y  i s  g i ve n  by : 
re 
qo � o J.lo ln -
k h = :J&.__ 0 0 . 0 0 7 0 8  ( po - Pf ) 
(A ) 
The s lope , m ,  i s  g i ven by 
1 6 2 . 6 qo 11o � o 
m =  k 
0 h 
( Equ::tt i on 2 7 ) 
f rom 1>Jhi ch 
1 6 2 . 6 qo llo f-3 o 
ko h = m ( B )  
By de f i n i t i o n , t he cond i t i on rat i o  i s  
A 
c r = B 
o r  
r 
q:> f3 o llo l n  � rw 
c r = 0 . 0 0 7 0 8  ( po - pf ) 
1 6 2 . 6 qo )10 � 0 
m 
m l n  (
r e ) 
c r r 
1 . 1 5  ( po - P f ) 
re ) m 2 . 3 0 3  l og ( -r 
c r := 
( po - pf ) 1 . 1 5  
6 1  
hen c e  
r 2 m l og (� ) 
c r = _________ r� 
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App e n d i x C 
D e r i va t i o n  o f  pre s s ur e bui ld-up equat i o n ( 3 2 )  for a comp re s s i bl e  f l u i d 
f l ow , f rom t he equat i on ( 1 4 )  whi ch i s  f o r  a s l ight ly c omp r e s s i b l e f l ui d  
f l ow .  
The pre s s ur e  di f f e rent i a l , f o r  radi a l  fl ow o f  a s l ight l y  compre s s i b l e  
Po 
Po 
flui d i s  
qo uo t3 o [ ln f k t 2 21 Po - Pw = 2 + 0 . 8 0 9  + 4 )I k h 11 c r_w 
whe re 
q0 t3 0 i s a l i qui d  fl ow rate at re s e r vo i r condi t i o n .  




T = f l ow i ng t empe rature o R .  
T = ba s e  t emp e rature o R .  
il 
z = comp r e s s ibi l i ty f a ct o r : 
= 
S ubs t i tut i ng (A ) i n  equat i on ( 1 4 ) , 
2 T 
(l n qg ( Pa 'F PJ& 
) Ta 
z u0 - Pw 
:::: 
4 ,- k h 
o r  
2 2 1g T z u k t := 
y i e l d s  
k t -\- 0 . 8 0 9 + 
r 2 f J.l c w 
-
Pw 2ilk h Ta 
[ ln f u c rw + o . so g + 2 s} -
( 1 4 ) 
(A ) 
2 s) ( B )  
( C ) 
C ompr e s s i bi l i ty o f  gCJ.s i s  d.pproximat e d  by 
pre s sure . The n e quat i on ( C ) be come s 
p 2 w 
== qg T z UQ 
2 fT k  h Ta 
1 
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, where i s  the re s e rvo i r  
+ o . s o s  + 2 s] ( D ) 
whi ch i s  the p re s su r e  di ffe rent i al for a gas f l ow i ng radi a l l y  i n  a 
po rous re s e rvo i r .  
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DEFI NI TI ON:3 
Damage f a ct o r : 
Be caus e o f  t he dr i l l i ng and comp l e t i o n  t e chn i que 3.nd p e r i1ap s due t o  
p roduct i o n  pract i ce s  1 an a.ddi t i onal re s i s tance t o  t he f l ow o f  t he f l u i ds 
i s  con cent r a.t e d around ·:: he Hel l-bore . Thi s ,'J.dd:L t i ona l r e s i s tan c e  i s  d'2-
f i ned as t he 'Bamdge f a ct o r'' 1 or "damag e" . 
S l ight ly compr e s s i b l e  l i qui d :  
Whe n  f lui d f l ow s  t h rough a po rous medium , t he f l ow ra t e  i n t o  d n  
e l emen t  of vo lume of t he po rous m·2di urn :nay n ::J t  be t h e  s ame as t� ie  f l ow r·'i t e  
out o f  t hat e l ement and t he f l u i d cont ent o f  t he po rous medi um c han g -e s  
w i t h  t i me .  Such f l u i d  i s  known as compre s s ibl e f l u i d .  Whe n ( Q.E._) 2 c c) r 
i s  sma l l  and neg l i g i bl e , the f l u i d i. s  known a s  i.l s l i g ht l y  comp re s s i bl e 
fluid s i nce t he p ro duct o f  t h e  squar e  o f  t he pre s s ur e  d i f f e re n c e s  w i t h  
radius c hanges t i me s t he f l u i d  ·::::omp r e s s i b i l i  t y  re f l e ct s  t he al t e rat i o n o f  
a compr e s s ible  f l u i d  t o  one whi ch i s  s l i gh t l y  comp r e s s i bl e . 
Unde r s atura t e d : 
A l i qu i d  o r vap o r capr::.bl e  o f  ho l di n<J add i t i o n :t l g a s e o us o r  l iqui d 
compon ent s i n  s o l ut i on a.t t h e  spe c i f i ed p re s s ure and t e:npe rat ur e . 
Aft e r f l ow : 
When a we l l  i s  s hut - i n  at t h e  s ur f .-i.C e , rathe r t han at t he s and face , 
f l ow w i l l  cont i nue i n t o  t he v.Je l l -bo re a. f t e r  s hut- i n ,  due t o  t \e ccmpr e s s i -
b i l i. t y  o f  t he f l u i ds i n  t he bo re . Wi t h i n the f o rma t i o n i t s e l f ,  f l ow w i l l  
a l s o  co nt i nue f rom high pe rmeabi l i ty t o  l ow p e rmeab i l i ty .  Thi s i s  commo n-
ly r e f e rred to as t he "aft e r f l ow" e f fe ct of p r e s s ure bui ld-up t e s t i ng .  
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E i  ( -x )  fun c t i o n : 
Val ue s  o f  E i  ( -x )  are de f i ne d :oy t he equat i on E i  ( -x )  
� j(" ){ 
d u .  
F o r  va l ue s  o f ( x )  smal l e r  t han 0 . 0 1 ,  t h e  equat i on i s  approximat e d  by 
E i  ( -x )  '::::::! ln x + 0 .  5 7 7 2  
S k i n E f f e ct : 
When t he f l u i d  i s  f l ow i ng int o t he w a l l-bore , t he pre s s ure drop i n  
t he we l l  p e r  un i t  rat e  o f  f l ow i s c o n t r o l l e d  by t he re s i s t an c e o f  t he 
fo rmat i on , t h e  v i s co s i ty o f  t he f l ui d  and t he add i t i onal re s i s t a n c e  con·-
c e nt rat e d  around t he we l l -bore re s ul t i ng f rom the dril l i ng and comp l e t i on 
t e chni que and , p e r hap s , f rom the pro duct i on pract i c e s .  The pre s s u re drop 
caus e d  by t h i s  :lddi t i onal re s i s t a n c e  i s  de f i ne d  by Van E ve r di nge n  dS a 
" s k i n  e f f e ct" . The zone i n  wh i ch t hi s  ski n e f fe c t  i s  c o n c ent rat e d  i s  
d·a f i n e d  a s  " s k in" . Mat hema.t i cal l y , thi s fact o r  i s  g i ve n  by Equi:lt i on 
( 1 5 A-B ) . 
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